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ttaHSC^IbfpL. ttu-ffiL^'T KSUSftfcMO S 

ft^^MOS h9^^#AAfflaHIHi*lilKi3J:tf 
Nft^MOS h 7^**A^ai?WI[B]3§£. 
±IEA^ff#mEE<Dl^^</U^_h|ap^^^/PMOS h7 
^^*A*ffl*»*«HI8«)«if^«IBrt-C*>*^±B 

^^A*a«ff*«lsl»^«ifPI6Brt'C*^»-&*«ai 

S»||[»i|BlH]K<ort»IslBotbfPtff±S*^-J: 5icWJ 
j»U Nft^WOS h?>$***A*SiMfi8«ia 

^MOS h7>^**A*M«Slf«®K^rt»IIlii& 

ilBPft^/^MOS h7V^**A*a!i***(Bia* 
*3J:t;Nft*^MOS h9^^^^A*ffi»[|Ht«lBl 

RHBA*«ffidSA*i-5S«lllHli6»i:. JtfEl^tl A*>m 
HIKffitt-iiiBP^^^^MO S h7V^^A*l»S 

HISSES,, 

[M*« 3 ] 1 SfcHt 2 fBttaStffJtttSIKgK 

-c»j»$*'u ^^^^>r«ffl(o«ptc(i8(rEP^^^/uM 

OS h 7 v^^^A*M«ff«l'ISlHlK*5J:t/N^^^/u 
MOS h9^^^^AAS!»*lt*BlBlKo-tix-eix<o«j 

[f»#« 5 ] MA 4 l ffi«co8t»«i|BlHl8S3S«iw*5^ 



(2) fti¥6 - 8 5 5 7 0 

K^lllfiy- K*>6iMi«Mfi« 
[»*«6] §t*«1^3t«2fE«<D?ggii«|@lHlSS^ 

ffifia^Mos h7y^^i: vim 

OS h^v^^^^^^BHttmJESrTJffcMOS 

go 

[0 0 0 1] 

£*u «r«cA*«EEds»*mffi^e>«W*ffi«ffi:*-c^ 

[0 0 0 2) 

[0 0 0 3] CMOS FET (ffiMte»6»y— h2!« 
fix A^lE^Pf t^h7>^^ (PMOSh7 

(NMOSh7V^^) coy- hiCA^i-6le3 

[0 0 0 4] ::t% Pl-P5|iPMOS h7>"^X 
N1-N3I1NMOS F7>^^, RlioJ:T^R 
2filSfct. Cliti, VDDfi«jli«JEE«fir x VSSf:±i£J$!l 
MiSLs VIN+:fc £tf VIN-fll^ffiA^m/Ex Vout fittl 

[0 0 0 5] _hfSP h $/^«*ifi|SlH]BOA^«ffitt 
^ Hfi, AM^I^-h^I^tl^Pft^h 
7>^^^P4, P5^t>^)^l A^JffiJE^V 
DD-Vthp (Pf -Y^/Wh^y^^^^HfiSE) £AT 

{fcf+ifi-eji, Pft^/l-h7y^^^P4, P5^t7 

[0 0 0 6 ] r. C X\ Nl-N5liNMOSh7y^^ 
Pl-P3|j:PMOS h7Vv ? ^^> Rlib^O'R 

5w «fit, viN+feit/viK-ttratiA^mm. vout 



73420030 3|ffi0)J • AftM 



3 

[0007] ±bn h y^mmwm«m»(ox^m&m 

fl^s^fBt-ftSo 
10 0 0 8] o£ 9> JifBLfcJ; Jft««OP b vrfm 

dS^^TIB*A^«m«SH^j£< r<0»f^^^pj 

[0 0 0 9] A*«IEttHd s «^ £ ^ 5 £ 

W5E*-CO|KH-e«i^lB*ai[»it«leIBi: LT, 

— ftffctW^ J. N. BABANEZHAD, * A Rail-to-Rail C 
MOS Op Amp * IEEE JOURNAL OF SOLID-STATE CIRCUITS, 
VOL. 23, NO. 6, DECEMBER 1988 £ ^ <5 Q EI 9 20 

12. ±!SS:iRJcBB^Stuxt^ ^ • y— " Is—Asm 

[0010] Ml — M 4 7 HMO S h 9 

Rfisfeix c i*3j:^c 2n&m> vDDfim^mEE 

VSSfi«Jfi«flfc. VIN+*3j:t/VIN-ttrafflA^ 

IE, vout jittj^«ff-e*>-5 0 Eli oil. e|9(du- 
[ooi i] ::x% mp 1-mp l oiipmos hy 

MN 1 — MN 1 0 I1NMO S h7 
R 1 3o itfR 2 tejgfct. C 1 £> J:t/C 2 (2^4, VDDfl 30 
lIlEHi, VSSJiffi*«ffi. VIN+*5J:tfVIN-f:* 

mteAJimiz. vout fitu^m/E. i, i P i-ip3. i 
[0012] zvm&mmm&iz&^x* A^j^ap 

MO S h V >i?X#MP 5 13 it/MP 6 s NMOSF7 

6o ^IX, A*«EEd5VDDftift-CJi. NMOS h 9 V 
v***MN3. MN6 S MN8, PMOS h 7 > is * <? 
MP 5, MP6^t7ttSl:ft5, A^mJ±^ 5 V 
SSf+ift-Cf*, PMO S h 7y^^MP 3 % MP 4 x M 40 
P8, NMOS h7^^MN4, MN5^t7M 
[Cft5 0 

[0 0 1 3] BP*>, A^JiE^NMOS h7>i?X?M 

p 5*jj:r;MP 6<a«itfMfiHrt"eft< fto#:0#, nmo 

S h7y^^MP9^L^</^, ««Clp2*S«fE 
*tft<ft5 0 ^:t\ lllnU I pK In3&t>*Ip3£ 
A^liilCj:^fbt5NMOS h7^^^^MP3^ 

[0014] raa*^, A^tE^NMO S h 9 > i/s\ V 50 



^i¥6 - 8 5 5 7 0 

4 

MN 4*5j:t*MN 5^ftf^«SHrtT**< ttofcR#, NM 
OSF7 y^^MN 9 t>»f£Lft< ft «9 , I n2^ 

ffitttft<ft<5o «fflt I pk InK I n3&t>* I p3 

tA^iEIIJ;?)«t^NMOS h7^^^MN3 

zmthzmm i p2*sbb« lt> - kiev e u 
[0015] i^«int«iai6fc*3^-ctt. ^m«iHis§ 

I n3£rSlJ#PLTl^6MOS h7>^^MP 2. MN 
2 X MP7 S MN 7 coy— h SJEEl^^CAEift^'f T ;*HH: 

[0016] ^LT. 09<O»a[lii|BJH]KJ-*5t>-Ctt. 

±EPMOsh7y>?^^MP2 x MP7ii/qr^i 

(^>T 4— K»J«SiXfc) MOSh7>^^M4 

0. M4 1 ^vDDy- Kt vssy — K^cor B l{-2^a:^j 
^K«stt-c^5«0f^#aE-rs. n«ii, wisnmo 

Sh7y^^MN2, MN 7 ^/<>f T^«EES:«)(&-r 
SfcfcK, ^t-Hlg^fcMOSh7>^^^M 
44, M4 BAWDS' — K^VSS/- b* t <Dffl\Z 2 m\B. 

mz&M$tix^z>®ffi&t£&-rz>o scorns. \m<n 

fck MOS h^^S^^BUKItiE (#'Jx.f;F#J0 . 8 
v) £A±comi£ (WAtflSilv) dSRP*D$*t*f6&5!d s *> 

[0 0 17] L£*U -hIELfcJ; 9 tC^-f ^— Ktg^£ 

[0018] ^fc, • y— - 

(W^-tflpl, InK I p3, I n3) *s^^S(c^5 iS8fE« 
[0019] 

[0020] *»Wtt±SE^raHj»S:W*-r-<< ft^n 
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[0 0 2 1 ] 

Nft*«OS h7^v^^^A*«S*lt«lHlKi:, 
±IEAA«t«EO l/^/U*5±J3 pf t*;PMO S h=7 
^^^^A*l!«»iS«0K^»f^ttHrtr-«>5A^J:IB 

x^A*ffl»»i«*ia«sottfPttHrt^*^»^**w 

UfcfflAl:J:»)±EPft*^MOS h7>^^A^3 
ffl«»*«HII»©rt«BBIKO«ifP*:ffJl:S*-BJ: 5121*1 
«?U Nft^^MOS h7 Vv 5 ^^ A^^a^lf*S[Hl 

*/UMOS K7>-^^^A*ffl»»ii«E»6^rt»iaK 
ottfl* itfit £^6 i 5 tr*iJW-rsaSit*SlEl»SSiJ»lH] 

[0 0 2 2] 

[ftUB] AMflE^^/^Pft^^MOS h9 
^^^^A*ffl«»»iHBKo»f^ttHrt-e*>-5i:*^ 

* A#l!«#ti«[ElS8<D« ^tii^S/E<b Nft^MO 

[0023] :ni:^lt, A£)iB-%-mfe<D i"<^as N 
Nft^MOS h^^^^^A^MaWifiilSIelK^lh 

OS h7V^^^A*S«aciaB[H]Kfirtaie]8S^ftf^ 
iftLT^6P^t^^MOS h^v^^A^gljS 

[0 0 2 4] A;^Hf i^A^ 

/HVIOS h?^^^^A^attllCJ|«BIKa>lbf^ttHrt 
"<Nfe< Nff^MOS h7^v?**A*?B*»*«lHl 

>-^^^A^^^gJ#^lI]^(il^^©^^ib^^^ii:U 

l^Nft^MOS h7^v***A*>S!8IJSi8i|SIIIte 

[0 0 2 5] riXtCj: <9 X Pft^MOS h7V^ 
^AAfflMIWHBlElBisjitfN^-ir^^MOS h^^^ 
^^A*a»»««E]*ttt. *ft«x«*.tfiai. 6 V 



(4) ^Pif 6 - 8 5 5 7 0 

e 

[0 0 2 6] il<D»£\ »f^LT^*^*Oia*ii«[e] 
[0 0 2 7 ] Sfc, Pft^^MOS h^^v^^^A^ 

10 k&x*%z>o 

[0 0 2 8] 

immm] sxt. mm^^mi^x^mm^mmm^nm 
imw-rzo mil*. *ftw<Dfcm®mm&mmv>m* 

[0 0 2 9] P h 5/^®»»it«lHlB3 0*3j:tfN h y 

[0 0 3 0] tt*iff«lH]KMI*lBlK i o f* N ±IEA^If 
Hrt-C*>S^S:SifflL, P h 5/^M^Slf*SlHlK 1 

ftU{H\&<DW)tfF&&±£ j £z>£ b \zmm-rz> h<nx& 
30 [0031] ::*e, vDDfiwaiWEttflu vssteSift 

VIN + *3«tt/VIN-fi|^40A*«ffix Vout fiffl 
^mJEs MP 1 —MP 1 5(iPMOS Vyl/is** , M 
N2-MN15ttNMOSh7>^^, RO N Rp, 
RnliffijS^ C p 2o £U*C n tt^fi, 2 0 te««cK5£l§] 

2 1 I*^»[e]8&6l5. 2 2«*iJ«[HlKSB. 2 3 f^tH 
* [el 118 SIS* 2 4 1* ffl 2) 5. wCQa^m*ilEl^ 

IS. P h y ^1»**BI1IB3 0 itfN h 

nsiiiiBiDBS 3 o *> m lt^-To ««cKjeieis&as 2 

40 0 a <7>g£^mSc IOIilO-100/i ATfc5, SfeiR 
0 1 0 0 KQt-^-t^6o 

[0032] mm\E}&&>3 1 #y— 

tlfcA^lf (OPMOS h 7 V^^^MPll*5j:t/MP12 
4:, iEPMOS by^i/xfMPUCD Fu-Olz Ku 

>r ^ • y- hiis^«sixfcft«ffloNMos h7> 

^^MN6i, r. C0NMO S h 9 ^isXffcjj \s> V 
% "7— &W:£ti. HiJfEPMO S h7^^^^MP120 K 
L^^^fC h>^^giiilf:MI^NMOS h7> 
5^ v J ^^MN7^, VDD/ — K^TB«JfSPMOS h7yy7» 
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fMP 11 «fc U*M P 12£>*ii y * £ <£> ffi t- y — X ■ K 

MP 5 i £^prS 0 
[0 0 3 3 ] flMHIi£ffi3 2*1, y — *a*vssy — Kfc 

««stt, K^y • y- htes^s^stt^NMOs 

<h. VDDy — K£±feNMO S b 9^S***MN 4 <D K 
M ^tcofflX*:t%*:i%<Dy-y • KM IB # St Mfc 
»AK»S*lfcPMOS h7V^^MP 4ib l J:(fMP 
10£ N VDDy— K^mflENMOS h^^^MNHW 
KM ish<oT&XcV-* • Ki/>f ^BBdS««S*t, y- 
h • Ki/^yfil^sasttfcPMOS h 7 Vv>;**M 

pi5£*-r£ 0 

[0 0 3 4] ±EPMOS h 7 >^^MP 4 fiittrfE® 
ffi^^[H]3ga2 Oa^PMOS h7>^^^MP 1 
U> h ^ 7-^^X^o <9 , iEPMOS h7^ 
*MP10<7)y- M2«rfS^»ls]liS8l5 3 1 <D—^<DX^m 
i^PMOS h7y^^^MP12(Dy-h ( — JJ<DAJJS 
— K) fcJSJRSttX^fK fftfEPMOS b?>i?X*M 

pi5^»me2EniBiKtt3 i^ism^pmos 

[0 0 3 5 ] #3^0^95 3 3tt\ HiTiSai^^^2 4 £ V 

ssy — Kt^we^tt^^c^ km >- • y — *p^b:^j 

CjfAgg^fcNMOS h7^^^MN9ioJ: M 
N13£, VDDy- K£±fEtfJ^*^2 4 £(Z>PflXMfE$« 
#PteIBgg|$3 2(DPMOS h^^v^^MPlSlC^ h 
S 7—Ht1(fc£tltimMMffi<DPMO S F^^^MP 
8<b. ±flEfcB2j«IH-2 4 ^flftENMOS h7^'^^M 

fiRp*5J:^tC P ^tt5 0 

[0 0 3 6 ] w^I^, ±IBNMO S h 7>'^^MN 
13*±S9ISftlJW(HlKSl5 3 2(DNMOS h7^^^^MN4 

(ci; uy h 5 7-fiMK£*bX*5 1? > mrfSNMOS h y > 
^^MN 9 60^- H*StrlBSf!jlEl&8l5 3 1 (7)A^ffi^ 
PMOS h7yv?^^MP12© KM XfclJMfcSftTI^ 
6 0 ±IEJ£fciR p Offili 1-10 0 KQgl, ^ftC p 
<Dm& 1 - 2 0 p FgStfcSo 

[0037] ±is p h y^aiamn««ii]as3 ok*^ 
<DR^m^io \zitmi^tcmmmtis ^wa5 3i 

^lSBffl<7)PMOS h7^'^^MP 5 i:MP8li{j: 
X, A^ff-^m/E^i^^P hs/^ffl«J|C«l*BIlS3 

s§3 o^idf^-r-5, 

[0038] ^nc^ttr, Ajjin-%w>i£<n i/^wsp 

fi, MiWIfiIKSB3 2 CO PMOS h ^Vv^^^MPlO^^ 
7^*0, aj^(Hl^3 3, fH«@Kffi3 2j3j:tf%lblBl 



(5) M?6 - 8 5 5 7 0 

s 

[o o 3 9] mffi.mi£{B\&$v> 2 on, y-*asvDDy- 

OSh7>^^MPU, :^)PMOS F7^^^^ 

km v^vssy- Kt^w^»«Sixfc»fitRo 

^ y-^*3J:t/y— h^±|SPMO S h 7^^M 

p i oy-x^sitfy- Hc*ti&LX*ilg^ Wuy 

h^7-ig^) ^f:PMOSh7yv?^^MP2h 

70 :opmos h^vv***^ KM vssy — K£<o 
rat- km v • y-*waM*«s*u Ki/^y-y-h 

[0040] sniiiKflM i #y-* 

<K ±fENMO S h 7 V v^^MNllO K M ^i- K 

-f^*s«*S*u. y-^^vDDy- KJc»«Six. y- 

h • KM ^«S#»|RS;h<fcAflffl!tf> PMOS 
^^MP6^ :^PMOSh7y^^^(^l/yF 
iY? ^ 9~ SHtt^tU fWIENMO S h y ^v*;**MN120> K 

M^n km >&mm$titi&ffim<DPMos vy> 

^X^MP7h ifrfSNMO S h7yv?^^MNll*3j: 

t/MNi2(^*iiy-* £ vssy - Kt <^M(c KMv ■ 

mn 5 t &ft-rz>o 

[ 0 0 4 1 ] $iJ$J[e]3§S&4 2 (i N y-^^vDDy-Kt- 
h • KW^5W$ixf:PMOS 
h7>v^^^MP3^ ^COPMOS h7y^^^c^ 
^h; 7-gg$ilfc:PMO S h7y^^MP14 
^ ifBPMOS h7>^^^MP3(Oh>^yi:VSS 

j - f tnfflx^ti^ticD Ki/^fy - y-^p H i^B:^j^ 

JfAgl^ix/cNMOS K7^^^MN10*5J:^MN 
3^:. ifBPMOS h^y^^^MPH^Kl/^y^V 

ssy- K^coPfl^ KM> - y-^Pfl*s»«S^. Ku 

• y- htes^ggjjg^^/cNMos h7^^M 

Nl5^*i-5 0 
[0 0 4 2] ±|5NMOS h y > is* * M N 3 mllSm 
^^^{HlSgg|5 2 0 ONMOS yi/X^MN 2 1:^1/ 

> h ^ y—i£ffi.£tiXt$V , mflENMOS by^i?x# 

40 MNlO^y- h ttfftUmW)®&i$ 4 1 0-^(OA^ffl(0 
NMOS h^'^^MN 1 2(Dy— h ( — Jj<DAt)S 
-K) Idg^StLX^*), iENMOSh7^^M 
N 1 5 ^(1WIS^S)IHIK§I5 4 1 (^IffiSffl^NMO S h 
7y^^^MN15^^? l/>h; y— ftJftSttXt^So 
[0 0 4 3] Hi^[e]S§gT54 3(1, VDDy - KfctHA*^ 

2 4 t^mx^ti^th^y-ys . km vp^^ig^j^jf 

A^j^^ttfcPMOS h7y^^^MP13ioJ:(;MP9 

±Ea**^2 4tvssy- KfcoiB-ciWIBMWia 

g§^5 4 2 ONMO S h 9 ^MN 15(^^7 U> h 5 y 

50 -g^^ixtifflfflONMOS h7>'^^MN8 
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t. ±IEttlM^2'4iilSPMOS h7V^^MP 

[0 0 4 4] r^I'&s ±IEPMO Shy si>*?M? 
13^MI5^J»[H]S§a5 4 2<£>PMO S h^v^^MP 3 

h 5: ^-S^^tbX*^ , iWIEPMOS 
v^^MP 9(7)y- h^MI2M»[H]S§^4 1 <DKiim<D 
NMOS h7 Vi/X^MN12(D KH>C8I^tP 
6o iEfijARnOfilil-lOOKQgg, «tCn 
Oftttt 1 - 2 0 p FtI-Cfc5o 

[0 0 4 5 ] ±1EN h ^^SIgit*glllS&4 Ol^fc;^ 
X, il«f*. *"J»[HlK«SI5 4 2{rtt««£R3&[sIK«EIS2 00 

lSSffl(ONMO S h7>'^^MN 5tMP8 dtefrj 

A*fS-*«ffiO^-</udSN h s/^Stjflf *BlH]{iS4 0(D 

[0 0 4 6 ] rtt^Mtt, A^ff-^-S/EtO I/^/W*N 
fi. $|J#P 4 2GDNMO S h 7 ^^^^MNlO^t 

^i^uk sy«Pie]»&gis4 2, ^»[siksr4 lat/a^iHi 

[0 0 4 7] gp*>, m 2 (w^ LfcSgif *glI]&K:fc^ 

Evout tux, p h o&m #w 

^we^n h5/^«»jeffi[H]B4 o ^fi-^tb^m/E^ 

[0 0 4 8] rfrlc^LX, A^ff ^Sffitf) 

n h 5/^S^^ii*s[H]s§4 o^»fpjBHrt-c*< Ph^ 
^ai«**t«[HiK3 o^«f^t5Hrt-c*>5»^Jwii. n 
h y ^smif *g[Bisg 4 o &ft&m»<ottft&»± it 
«* W * # ;MB »M * *u rtt t «aic ic Sbf^ u x i > 

5 p h y 7mfewmm\E]& s o <Dm^mt>ni£<D&&m 

[0 0 4 9] 4 fc, A^f^f ^rM&OO is^/ufr, V Yy~f 
4IWIHIK4 o^»fPttHrt^*>*»-&^tt, Ph^l 

^ffl«»*«HK4 o^m-^-m^m/±co^^m^*^-2 

4 (DtH^m/EVout £ LX*#«o*L6 0 

[o o 5 o] ±ummm<vmwmm\mm\c&\,^x^ ph 

4 Of*. ^t-KSg^f:MOSh7^^X^^v 
DDy — K<t vssy- K^coiffll-— 81^4141^ 
X% MOS h7y^^^^^IlE^^0. 8VM^r 
t5i, JB1. 6 va*<0««flE«lfP^^r*-C*>-5. 
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[o o 5 i ] c^xt^j: 9, AmxnKifcm 1 . 6vw 

sri*st?#5. Sfc. P h sx^S!«J|tltiH[HlK3 oo 
S^B#<D^W)[H]3§Sft 3 1 , SiJ«NlIlI3SaS3 2, tiB^EKSB 
3 3 <o£-^;$c II, 12, 13 itttiVti l 0 n A Or— 

N h^^*»lt«lHl»4 0^ftff«FOft«llHlK 

«4K »j»[aas*4 2. m^[E]ss^4 3 <D&mm 1 1 
,i2, 1 3 n^th^fo i o ^ A*-^--e* t> , «e 

5 0 M Agl U^if^D Lfcl/\, 

[0 0 5 2] :<^8^, ftf^UX^*t^^«JHfi«H] 

»^UX^-5^(Oia»li'l6[HlK^Sjf^^ 

[0 0 5 3] L^<b, P h S/^«aS±S*SlHSS3 Oioj; 
t5N h2/^atttllCii«[ilK4 0f«Siicic«ifp-rsJ:5^ 
ff2/£$*tX^£<OX% »«OP hs'^fflaHJfitWiaBS 

[0 0 5 4] ±fiE^lfe«^?*»l««ls]K3S«^. 

x, ftffiS^W^^wt, S^ig±^^^h^^^*5 
J:lf*S9 ^[^±^rlU6r ^^X#-5 C 
[0 0 5 5] ±iS^*«^«*it«[HlBK«^* 

x, fthmmte7'v*zx&!&mh 

^ [0 0 5 6 ] ^^5, ±fEH^#l<D;&MO S h^^v^^^ 

[0 0 5 7 ] rottlFi|«[B]M3S1K». 0 2S:#RgUX 
(»ieufeJMUi«0IMS«i:H:'<'C, (a) 
7!?^ (h) 0>j&j&s»fctK ^r^Mfif^CX^5^XIH2 
^^l^-W-^^f+UXl/^o 
^ [0 0 5 8 ] (a) VDD/ — Kt VSS7 — K £ <£> P^l- il 
^i^tLfcPMOS h^/^^MP A^i^NMO 

^-f S'lMfS^dS 1 5 C MO s >f - ^ @K 5 1 ^ 
^P^ttX^5 0 
[ 0 0 5 9 ] (b) ZCO^( >/<-*®&5 1 cott5^? y — 

^i20(DPMOS h7y^^^MP10H>^yWf B 1 
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